 radical cation scavenging activity of known (2-5, 9, 10) and new (6-8) 1'-hydroxyethylnaphthazarins and their products of esterification and etherification was evaluated and a structure-activity relationship was studied. It was shown, that the structure of side chains does not affect the radical scavenging activity of 1'-hydroxyethylnaphthazarins and their derivatives. The presence of methoxyl groups on the naphthazarin core slightly enhanced the antioxidant activity of compounds compared with compounds without methoxyl groups. The presence of the additional hydroxyl group on the naphthazarin moiety of isonorlomazarin (5) and its derivative (6) is essential for the activity.
Racemic lomazarin (2) is a minor pigment of the roots of the perennial herb Lomandra hastilis [1] bear a striking resemblance to the naphthazarin pigments found in sea urchins. Namely, lomazarin is 1'-hydroxy derivative of the trimethyl ether of echinochrome A (1) [2] where the side chain is ethyl group. The antioxidant activity of naturally occurring and synthetic analogues of sea urchin hydroxynaphthazarin pigments has been studied by our research group and it was proved that antioxidant activity of the tested compounds depended on the number and positions of hydroxyl groups [3] .
To clarify the effect of a side chain and substituents on the antioxidant activity of methoxynaphthazarins we used lomazarin (2) and isonorlomazarin (5) and their derivatives. The parent compound of lomazarin, trimethyl ether of echinochrome A (1) , and the parent compound of isonorlomazarin, dimethyl ether of echinochrome A (11), were also tested. Compounds 1-5, 9-11 were synthesized early [2, [4] [5] [6] , compounds 6-8, 12, and 14 were synthesized for the first time ( Figure 1 , Schemes 1, 2). These compounds can be easily obtained by nucleophilic substitution of a bromine atom by an acetoxy function in 1'-bromoalkyl derivatives of a naphthazarin followed by hydrolysis of corresponding 1'-acetoxyalkyl derivatives [7] . During this synthetic process we synthesized new compounds 6-8, 12 and 14 as racemic mixtures (Schemes 1, 2). The chemical structures of the synthesized compounds were confirmed by IR spectroscopy, 1 H and 13 C NMR spectroscopic data including 2D HMBC data, mass spectrometry.
To evaluate antioxidant activities we used the ABTS  scavenging assay which is suitable for this class of colored compounds. Antioxidant activity of 1'-hydroxyethylmethoxynaphthazarins and their derivatives is studied for the first time.
It was shown for naphthazarin pigments isolated from Alkanna tinctoria roots, chiral shikonin, alkannin, and shikalkin, their natural racemic mixture, that the chirality of the side chain hydroxyl group does not affect the DPPH radical scavenging activity [8] . The assay system used for estimation of antioxidant activity by us is not enzymatic too, so the use of racemic compounds 2-10 is sufficient for this purpose.
Compounds 3, 6, 8, 10 were used to examine the influence of esterification and etherification (compound 4) of the side chain hydroxyl group on the activity. Moreover, compounds 2, 3, 7, 8, 9, 10 were tested to examine influence of methoxyl groups on the antioxidant activity.
It was observed that the ABTS
 scavenging activity of compounds 1-11 was concentration dependent and a gradual increase in concentration increased the activity. Concentrations that caused a 50% reduction of the absorbance of ABTS  and Trolox equivalents are given in Table 1 . Comparison of the antiradical activity of lomazarin (2), its products of esterification (3) and etherification (4) showed that these naphthazarins have low activity similar to that of the parent trimethyl ether of echinochrome A (1) and this activity is near 8% of that of Trolox. So, the structure of side chains in these naphthazarins does not affect the radical scavenging activity.
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As can be seen from Table 1 , isonorlomazarin (5), its 1'-acetoxy derivative 6, and dimethyl ether of echinochrome A (11) with a hydroxyl group on the naphthazarin moiety are more active scavengers of ABTS  radical cation. Acetylisonorlomazarin (6), isonorlomazarin (5) and dimethyl ether of echinochrome A (11) showed similar activity near 30% of that of Trolox. Thus, the antioxidant activity is enhanced by the additional hydroxyl group on the naphthazarin core, while the structure of side chains does not change it.
To estimate an influence of methoxyl groups on the antiradical activity we compared data for compounds 2, 3, 7, 8, 9, 10 ( Table 1) . Although antiradical activity of these compounds is low, an influence of methoxyl groups can be observed. The presence of methoxyl groups slightly enhanced the antioxidant activity of compounds compared with compounds without methoxyl groups. This is likely true if comparing three pairs of compounds 2, 3 (TE = 0.08), 7, 8 (TE = 0.07), and 9, 10 (TE = 0.03), which have three methoxyl groups, two methoxyl groups, and no methoxyl group on a naphthazarin core, respectively.
Structure-activity relationships study showed that the structure of side chains does not affect the radical scavenging activity of 1'-hydroxyethylnaphthazarins and their derivatives. The presence of methoxyl groups on the naphthazarin core slightly enhanced the antioxidant activity of compounds compared with compounds without methoxyl groups. The presence of the additional hydroxyl group on the naphthazarin moiety is essential for the activity. The main conclusions of our study are in agreement with published data [3, 8] .
Experimental

General:
The melting points were determined with a Boetius apparatus and are uncorrected. Analytical grade solvents were used. The IR absorption spectra were recorded on a Bruker Vector 22 spectrophotometer.
1 H and 13 C NMR spectra were recorded on Bruker Avance-300 (300 and 75 MHz, respectively), Bruker Avance-III-500 HD (500 and 125 MHz, respectively), and Avance-III-700 (700 and 176 MHz, respectively) spectrometers. The chemical shifts (δ) are in parts per million (ppm) relative to TMS (δ=0.0 ppm). The mass spectra were taken on an AMD 604S spectrometer (direct sample inlet, ionizing energy 70 eV and elevated temperature). The course of reactions was monitored and the purity of the compounds obtained was checked by TLC. Merck Kieselgel 60F-254 plates were preliminary treated with 0.05 M tartaric acid in MeOH and dried at 50 o C for 2-3 h; 3:1 n-hexaneacetone mixture was used as eluent. Preparative TLC and CC were performed on silica gel (Chemapol, Czech Republic), 5/40 and 40/100 μM, respectively, using n-hexane-acetone. Yields were not optimized. [6] were synthesized according to described methods. Physicochemical and spectroscopic data for 2 are in agreement with the data published for the pigment lomazarin isolated from Lomandra hastilis [1] . Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was purchased from Fluka; 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic acid (ABTS) from Sigma-Aldrich; UV/Vis spectra were recorded on an UV-mini 1240 spectrophotometer (Shimadzu).
Bromination of alkilnaphthazarins 11, 13 (general method):
To a solution of 0.2 mmol of a naphthazarin in 50 mL of CCl 4 10 μL of Br 2 was added at room temperature, the reaction mixture was exposed to light within 0.5-24 h. On completion of the reaction the solvent was removed under reduced pressure, the residue was subjected to preparative TLC (n-hexane-acetone, 3:1). 
2-(1'-Bromoethyl)-5,6,8-trihydroxy-3,7-dimethoxy-1,4-naphthoquinone (12)
Yield
Synthesis of 1'-acetoxyalkilnaphthazarines 6, 8 (general method):
A mixture of 0.8 mmol of a naphthazarin and 330 mg (4.0 mmol) of AcONa in 12 mL of a mixture AcOH -CHCl 3 , 3:1, was boiled for 2 h. On completion of the reaction the solvent was removed at reduced pressure, the residue was diluted with 50 mL of water, extracted with ethyl acetate; the extract was dried with Na 2 SO 4 , and evaporated at reduced pressure. The residue was subjected to preparative TLC (n-hexane-acetone, 3:1). Acetoxyethyl)-5,6,8-trihydroxy-3,7-dimethoxy-1,4 
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2-(1΄-
Hydrolysis of compounds 6, 8 (general method):
A dispersion of 0.4 mmol of a naphthazarin in 5 mL of a mixture TFA -H 2 O, 2:1, was boiled for 30 min. The solvent mixture was evaporated at a reduced pressure; the residue was dissolved in 50 mL of water. The reaction mixture was extracted with ethyl acetate; the extract was dried with Na 2 SO 4 and evaporated at reduced pressure. The residue was subjected to preparative TLC (n-hexane -acetone, 3:1). 
ABTS
 scavenging assay: To measure the antioxidant activity of compounds the ABTS  assay was adapted from a published method [10] . Briefly, a stock solution of ABTS  radical cation was prepared by dissolving ABTS (7 mM, 4.713 mL in deionized water) with potassium persulfate (60 mM, 0.2 mL; 2.45 mM final concentration). The reaction mixture was left to stand at room temperature overnight (16 h) in the dark. The intensely-colored ABTS  radical cation was diluted with EtOH to an absorbance of 0.70 (0.02) at 734 nm. To 20 L of EtOH solutions of the test compound at different concentrations (0150 M final concentrations) 1.98 mL of the diluted ABTS  solution was added and the absorbance was measured at 734 nm after 6 min. Inhibition was calculated as follows: Inhibition (%) = 100  (A reaction  100)/A control , where A reaction is the absorbance of the reaction mixture, and A control is the absorbance of the ABTS  solution. EtOH was used as a blank. Trolox was used as a positive control standard. The inhibition was plotted as a function of concentrations of antioxidant compounds and a concentration that caused a 50% reduction of the absorbance (EC 50 ) was found. Trolox equivalents was calculated as follows: (TE) = EC 50 (Trolox)/EC 50 (compound).
